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1- A display device comprising: 

an optical waveguide plate for introducing i ight 
thereinto; 

an actuator substrate previa opposingly to one ^ 
- f ace o f said optical vavm ^ _ * 
actuator events o f a number correspondlng tQ , 
number of pixels; 

a pixel structure f o»ed on each o f said actuator 
events of said actuator substrate; and 

a cr„ss P1 ece forced at a portion other than slid pi X el 
structure between «iH ~ 4.- v - 
etween saxd optical waveguide plate and said 

actuator substrate. 

" al d "t ™ e dl5Play devl ° e aocordln9 to olalm 

said actuator ele„ent includes a shape-retaining layer a » 
operating section having „ least . palr ^ 

*«- on said sh a pe-ret a ini„ g laye r. a vibrating section 
-r supporting said operating section, and a ttM section 
*« supporting said vibrating section in a vibrating 



3. 



The display device according to claln, 1 ^ 
^ -rem said crosspiece is secured tc said optical waveguide 



«. ™e display device according to claim i c^. 
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-wher ein a gap - forming layer is provided between said optical 
waveguide plate and said crosspiece. 



5 - The display device according to efty^efw of cl-alme 
r, wherein said crosspiece is formed at portions around 
four corners of each of said pixel structure. 

^^S, 6. The display device according to^Ry^iie of claims 5 * 

» 1 to 5r , wherein said crosspiece has a window for surrounding 
at least one pixel structure. 

(Tk _ ___ _ 

7 . The display device according to ^any^m^^f^ncrlajyiLS 

^ 1 t o & 7 wherein said crosspiece includes a stripe-shaped 

opening which extends along a direction of an array of said 

pixel structures and which surrounds said array of said 

pixel structures . 

CX 8 . The display device according to -an^oae==o#==eid5«»e- 

0* *1 to ^ > wherein said crosspiece is formed to have a line- 
shaped configuration which extends along a direction of an 
array of said pixel structures . 

. 9 . The display device according to =iny aaag 

-jk ^-t o 3, wherein said crosspiece is formed integrally with 



said actuator substrate. 



10. The display device according to «fy-^se-e_i===eia-feffls 
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wherein said crosspiece is consLructed by a wire 

member which extends along a direction of an array of said 
pixel structures. 

11. The display device according to -aa^^-ene- of claims^ 
©* «i to lAy wherein a recess is formed on a surface of said 
pixel structure. 



12. The display device according to ^ay^ TO-of— o±ai ff» 
1 tfv ^^ wherein a step is formed on a surface of said pixel 
structure . 

slc^ m S 

13. The display device according to ^a^===eae==o#==eiaiHw 
U, wherein a surface of said pixel structure has a 

concave configuration . 
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2^ 14. A method for producing a display device, 
comprising: 

a crosspiece-forming step of forming a plurality of 
crosspieces at portions other than actuator elements, of an 
actuator substrate arranged with said actuator elements 
corresponding to a large number of pixels; 

a pixel-forming step of forming pixel structures on 
said respective actuator elements on said actuator 
substrate; and 

a pressurizing step of laminating and pressurizing an 
optical waveguide plate in a state in which at least said 
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pixel structures are not hardened, — and then hardening at 
least said pixel structures. 



15. A method for producing a display device, 
5 comprising: 

a crosspiece-f orming step of forming a plurality of 
crosspieces at portions other than portions corresponding to 
a large number of actuator elements, of an optical waveguide 
plate; 

]?G ^ a pixel-forming step of forming pixel structures at 

rt portions corresponding to said large number of pixels, of 

J* said optical waveguide plate; and 

5^* a pressurizing step of laminating an actuator substrate 

arranged with actuator elements of a number corresponding to 
£S said large number of pixels, on said crosspieces and said 

i3 pixel structures , and pressurizing said optical waveguide 

; h plate and said actuator substrate in directions to make 

approach to one another. 

20 16. A method for producing a display device, 

comprising: 

a crosspiece-f orming step of forming a plurality of 
crosspieces at portions other than actuator elements, of an 
actuator substrate arranged with said actuator elements 
25 corresponding to a large number of pixels; 

a pixel -forming step of forming pixel structures at 
portions corresponding to said large number of pixels, of an 
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-o ptical waveguide plate; — and 

a pressurizing step of laminating a surface of said 
actuator substrate formed with said crosspieces and a 
surface of said optical waveguide plate formed with said 
pixel structures with each other, and pressuring said 
optical waveguide plate and said actuator substrate in 
directions to make approach to one another. 

17. A method for producing a display device, 
comprising: 

a crosspiece-forming step of forming a plurality of 
crosspieces at portions other than portions corresponding to 
a large number of actuator elements, of an optical waveguide 
plate; 

a pixel-forming step of forming pixel structures on 
respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
corresponding to said large number of pixels; and 

a pressurizing step of laminating a surface of said 
actuator substrate formed with said pixel structures and a 
surface of said optical waveguide plate formed with said 
crosspieces with each other, and pressuring said optical 
waveguide plate and said actuator substrate in directions to 
make approach to one another. 

18. A method for producing a display device, 
comprising: 
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ar^p±x el-£ormin g step of f or ming p±x el structu res— on 

respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
corresponding to a large number of pixels and integrally 
5 having a plurality of cfosspieces at portions other than 

said actuator elements; and 

a pressurizing step of laminating and pressurizing an 
optical waveguide plate in a state in which at least said 
pixel structures are not hardened, and then hardening at 

tO least said pixel structures. 

J* 19. A method for producing a display device, 

comprising: 

a crosspiece- forming step of forming a plurality of 
OS crosspieces at portions other than actuator elements, of an 

i3 actuator substrate arranged with said actuator elements of a 

■jg number corresponding to a large number of pixels; 

a pixel-forming step of forming pixel structures on 
said respective actuator elements of said actuator 
20 substrate; 

a first laminating step of laminating a plate member in 
a state in which at least said pixel structures are not 
hardened; 

a pressurizing step of pressurizing said actuator 
25 substrate and said plate member in directions to make 

approach to one another, and then hardening at least said 
pixel structures; and 
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a second laminating step of removlny said plate member, 

and then laminating an optical waveguide plate at least on 
said crosspieces. 



5 20. A method for producing a display device, 

comprising: 

a crosspiece-f orming step of forming a plurality of 
crosspieces at porti ons other than portion s corresponding to 
a large number of pixels, of a plate member; 
10 a pixel- forming step of forming pixel structures at 

. r=<: : 

said portions corresponding to said large number of pixels, 
of said plate member; 

a first laminating step of laminating an actuator 
substrate arranged with actuator elements of a number 
15 corresponding to said large number of pixels on said 

=3 crosspieces and said pixel structures; 

a pressurizing step of pressurizing said plate member 
" ? and said actuator substrate in directions to make approach 

to one another; and 
20 a second laminating step of removing said plate member 

to transfer said crosspieces and said pixel structures to 
said actuator substrate, and then laminating an optical 
waveguide plate on at least said crosspieces. 

25 21. A method for producing a display device, 

comprising: 

a crosspiece-f orming step of forming a plurality of 
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crosspieces at portions other tnan actuator elements, of an 
actuator substrate arranged with said actuator elements of a 
number corresponding to a large number of pixels; 

a pixel-forming step of forming pixel structures at 
portions corresponding to said large number of pixels, of a 
plate member; 

a first laminating step of laminating a surface of said 
actuator substrate formed with said crosspieces and a 
surface of said plate member formed with said pixel 
structures with each other; 

a pressurizing step of pressurizing said plate member 
and said actuator substrate in directions to make approach 
to one another; and 

a second laminating step of removing said plate member 
to transfer said pixel structures to said actuator 
substrate, and then laminating an optical waveguide plate on 
at least said crosspieces. 
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22. A method for producing a display device, 
comprising: 

a pixel-forming step of forming pixel structures on 
respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
corresponding to a large number of pixels; 

a crosspiece-forming step of forming a plurality of 
crosspieces at portions other than portions corresponding to 
said large number of pixels, of a plate member; 
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actuator substrate formed with said pixel structures and a 
surface of said plate member formed with said crosspieces 
with each other; 

a pressurizing step of pressurizing said plate member 
and said actuator substrate in directions to make approach 
to one another; and 

a second laminating step of removing said plate member 
to transfer said crosspieces to said actuator substrate, and 
then laminating an optical waveguide plate on at least said 
crosspieces . 

23. A method for producing a display device, 
comprising: 

a pixel-forming step of forming pixel structures on 
respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
corresponding to a large number of pixels and integrally 
having a plurality of crosspieces at portions other than 
said actuator elements; 

a first laminating step of laminating a plate member in 
a state in which at least said pixel structures are not 
hardened ; 

a pressurizing step of pressurizing said actuator 
substrate and said plate member in directions to make 
approach to one another, and then hardening at least said 
pixel structures; and 
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a second laminating st e p of removing said pla rfc e m e mb er 

and then laminating an optical waveguide plate on at least 
said crosspieces. 



5 24. A method for producing a display device, 

comprising : 

a pixel-forming step of forming pixel structures on 
respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
10 corresponding to a large number of pixels; 

a first laminating step of using a jig including, on 

one surface of a plate member, a large number of SiZe- 
jt— i 

^ defining members formed to have substantially the same 

N s height as that of crosspieces to be formed on said actuator 

H> substrate to laminate a surface of said Jig formed with said 

size-defining members and a surface of said actuator 
substrate formed with said pixel structures with each other; 

a pressurizing step of pressurizing said jig and said 
actuator substrate in directions to make approach to one 
20 another; 

a crosspiece-f orming step of removing said jig, and 
then forming said plurality of crosspieces at portions other 
than said actuator sections, of said actuator substrate; and 
a second laminating step of laminating an optical 
25 waveguide plate on at least said crosspieces on said 

actuator substrate. 
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2-5-s A method for producing a display device -; 

comprising: 

a pixel-forming step of forming pixel structures on 
respective actuator elements of an actuator substrate 
5 arranged with said actuator elements of a number 

corresponding to a large number of pixels ; 

a first laminating step of using a jig including, on 
one surface of a plate member, a large number of size- 
defining members formed to have substantially the same 

19 height as that of crosspieces to be formed on said actuator 
'r;l substrate to laminate a surface of said jig formed with said 
;** size-defining members and a surface of said actuator 

^ substrate formed with said pixel structures with each other; 

M* a pressurizing step of pressurizing said jig and said 

£5 actuator substrate in directions to make approach to one 

*^3 

□ another; 

a crosspiece-f orming step of removing said jig, and 
then forming said plurality of crosspieces at portions other 
than portions corresponding to said large number of pixels, 

20 of an optical waveguide plate; and 

a second laminating step of laminating a surface of 
said actuator substrate formed with said pixel structures 
and a surface of said optical waveguide plate formed with 
said crosspieces with each other. 



25 



26. A method for producing a display device, 
comprising: 



- 141 - 

|+3 



a— pixel ■ forming step of forming pixel structures on 

respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number 
corresponding to a large number of pixels; 
5 a crosspiece-f orming step of using a jig including, on 

one surface of a plate member, a large number of size- 
defining members formed to have substantially the same 
height as that of crosspieces to be formed on said actuator 
substrate to form said plurality of crosspieces at portions 

lp formed with no size-defining member, of a surface of said 

jig formed with said size-defining members, said portions 

A* 

=H being other than portions corresponding to said large number 

^ of pixels ; 

^ a first laminating step of laminating said surface of 

Jp said jig formed with said size-defining members and said 

crosspieces and a surface of said actuator substrate formed 
& with said pixel structures with each other; 

a pressurizing step of pressurizing said jig and said 
actuator substrate in directions to make approach to one 
20 another; and 

a second laminating step of removing said jig to 
transfer said crosspieces to said actuator substrate, and 
then laminating an optical waveguide plate on at least said 
crosspieces on said actuator substrate. 
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27. A method for producing a display device, 
comprising: 
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a cros s p i ece- for min g s te p of forming a plurality of 



10 



crosspieces at portions other than actuator elements, of an 
actuator substrate arranged with said actuator elements of a 
number corresponding to a large number of pixels; 

a pixel-forming step of forming pixel structures on 
said respective actuator elements of said actuator 
substrate; 

a first laminating step of using a jig including, on 
one surface of a plate member, a large number of size- 
defining members formed to have substantially the same 
height as that of said crosspieces to be formed on said 
actuator substrate to laminate a surface of said jig formed 
with said size-defining members and a surface of said 
actuator substrate formed with said crosspieces and said 
pixel structures with each other; 

a pressurizing step of pressurizing said jig and said 
actuator substrate in directions to make approach to one 
another; and 

a second laminating step of removing said jig, and then 
laminating an optical waveguide plate on at least said 
crosspieces on said actuator substrate. 
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28. A method for producing a display device, 
comprising: 

a crosspiece-forming step of forming a plurality of 
crosspieces at portions other than actuator elements, of an 
actuator substrate arranged with said actuator elements of a 
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n um be r corresponding to a large number of pixels ; 

a pixel-forming step of using a jig including, on one 
surface of a plate member, a large number of size-defining 
members formed to have substantially the same height as^that 
5 of said crosspieces to be formed on said actuator substrate 

to form pixel structures at portions corresponding to said 
large number of pixels, said portions being formed with no 
size-defining member, of a surface of said jig formed with 
said size-defining members; 
IP a first laminating step of laminating said surface of 

said jig formed with said size-defining members and said 
pixel structures and a surface of said actuator substrate 
formed with said crosspieces with each other; 
H* a pressurizing step of pressurizing said jig and said 

iEE> actuator substrate in directions to make approach to one 

□ another ; and 

Ij3 a second laminating step of removing said jig to 

transfer said pixel structures to said actuator substrate, 
and then laminating an optical waveguide plate on at least 

20 said crosspieces on said actuator substrate. 

29. A method for producing a display device, 
comprising: 

a crosspiece- forming step of using a jig including, on 
25 one surface of a plate member, a large number of size- 

defining members formed to have substantially the same 
height as that of crosspieces to be formed on an actuator 
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substrate to form sa i d plur ali ty of c r oss pi e ce s at portions 
formed with no size -defining member, of a surface of said 
jig formed with said size-defining members, said portions 
being other than portions corresponding to a large number of 
pixels ; 

a pixel-forming step of forming pixel structures at 
portions corresponding to said large number of pixels, said 
portions being formed with no size -defining member, of said 
surface of said jig formed with said size-defining members; 

a first laminating step of laminating said actuator 
substrate arranged with actuator elements of a number 
corresponding to said large number of pixels on said 
crosspieces and said pixel structures on said jig; 

a pressurizing step of pressurizing said jig and said 
actuator substrate in directions to make approach to one 
another; and 

a second laminating step of removing said jig to 
transfer said crosspieces and said pixel structures to said 
actuator substrate, and then laminating an optical waveguide 
plate on at least said crosspieces . 



30. The method for producing said display device 
Q*> according to claim 20, m*r**%$T^2 G , o r 29. wherein when said 
crosspieces are formed, said members for constructing said 
crosspieces are laminated by utilizing surface tension of 
liquid. 
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3_1_* — The method fo r produc in g sa i d disp l ay d e v i c e 

according to claim 20, 22, 25, 26, or 29, wherein said 
crosspiece-forming step comprises forming said crosspieces 
at said concerning portions of said plate member, and then 

5 hardening said crosspieces. 



,32. The method for producing said display device 
CX according to aay ^one ofe - cXaime— ^ L 4=£e=3d , wherein said 

pressurizing step comprises hardening at least said pixel 
0,0 structures while pressurizing said actuator substrate and 

said member to be pressurized together with said actuator 
substrate. 

33. The method for producing said display device 
according to # any^one J k>f— otoim o wherein said 

optical waveguide plate includes a gap-forming layer at a 
portion corresponding to said crosspiece. 



34. The method for producing said display device 
20 according to any q uo &&*-v±*±m s 14 to^2, wherein a gap- 

forming layer is previously formed on said crosspiece before 
laminating said optical waveguide plate. 



35. The method for producing said display device 
25 according to^^^ofte-ef- claims 1 4 to 34 , wherein when said 

actuator substrate and said member to be pressurized 
together with said actuator substrate are pressurized, a 
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preliminary trea t m e nt is performed for gap formatio n-; — and a — 
predetermined gap is formed between said pixel structure and 
said optical waveguide plate during said hardening of at 
least said pixel structures performed thereafter. 



36. The method for producing said display device 
according to ^ anyL^oae ^gfc^clgJj i iR 14 to=£&, wherein a vacuum 



packaging method is used to pressurize said actuator 
substrate and said member to be pressurized together with 
said actuator substrate. 



37. The method for producing said display device 
according to «Ry^rog=^#^e±gr liafc ; l 4 ==%o=a#, wherein a low 
pressure press method is used to pressurize said actuator 
substrate and said member to be pressurized together with 
said actuator substrate. 
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38. The method for producing said display device 

e W /** \ % 

according to ♦aRy^eme^o fL^olaime i& =^&==£Z , wherein : 
A 

said member, which is used to be laminated on said 
actuator substrate in said first laminating step, has a 
projection at a portion corresponding to each of said pixel 
structures ; and 

a recess corresponding to said projection is formed on 
said surface of said pixel structure upon said 
pressurization performed in said pressurizing step after 
said first laminating step. 
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3-9-- The method f or - producing saj^d display devic e 

according to «%^o*ep=3@4^ wherein: 

said member, which is used to be laminated on said 
actuator substrate in said first laminating step, has a 
projection at a portion corresponding to each of said pixel 
structures; and 

a step corresponding to said projection is formed on 
said surface of said pixel structure upon said 
pressurization performed in said pressurizing step after 
said first laminating step. 

40. The method for producing said display device 

according to^a^ r= goe = ^g === claim&^19 to 3 9 , wherein: 

A 

said member, which is used to be laminated on said 
actuator substrate in said first laminating step, has a 
convex configuration formed at a portion corresponding to 
each of said pixel structures; and 

a concave configuration corresponding to said convex 
configuration is formed on said surface of said pixel 
structure upon said pressurization performed in said 
pressurizing step after said first laminating step. 
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